Advances in molecular electronics depend on the ability to control the charge and spin of single molecules at the interface with a metal. Here we show that bonding of metalorganic complexes to a metallic substrate induces the formation of coupled metal-ligand spin states, increasing the spin degeneracy of the molecules and opening multiple spin relaxation channels. Scanning tunneling spectroscopy reveals the sign and magnitude of intramolecular exchange coupling as well as the orbital character of the spin polarized molecular states. We observe coexisting Kondo, spin, and vibrational inelastic channels in a single molecule, which lead to pronounced intramolecular variations of the conductance and spin dynamics. The spin degeneracy of the molecules can be controlled by artificially fabricating molecular clusters of different size and shape. By comparing data for vibronic and spin-exchange excitations, we provide a positive test of the universal scaling properties of inelastic Kondo processes having different physical origin.
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shows the topography of single CuPc (top) and NiPc (bottom) on Ag(100), following evaporation in ultra-high-vacuum (see Methods). The molecules adsorb with the macrocycle plane parallel to the surface and rotated by ± 30º with respect to the [110] direction. The mistmatch between molecular and surface symmetry directions induces a chiral distortion of the molecular orbitals 11 . Negligible hybridization of the d x2-y2 orbital with the substrate hinders charge transfer towards either Cu or Ni atoms, preserving the spin of the central metal ions 12 . This is in contrast to molecules that include Mn, Fe, and
Co ions, where empty d-orbitals projecting outside the molecular plane directly hybridize with the substrate, leading to either quenching [13] [14] [15] [16] [17] or Kondo screening [18] [19] of the metal spin.
Adsorption-induced ligand spin and delocalized Kondo effect. Figure 1b illustrates the starting point of this work, namely the observation of a ligand spin induced by adsorption, which is delocalized over the peripheral atoms of both CuPc and NiPc.
Differential conductance (dI/dV) spectra acquired at 4.8 K on the outer benzene rings of the molecules reveal a strong zero bias resonance (Fig. 1b) , which reduces drastically toward the molecule centre (Fig. 1c) . The scaling of the resonance amplitude and full width at half maximum (  ) indicates the presence of a screened magnetic moment 3, 20 with Kondo temperature T K = 27 ± 2 K for CuPc and 29 ± 2 K for NiPc (Fig. 2 ). The spectra recorded over Cu and Ni ions, on the other hand, are dominated by sharp conductance steps at finite bias, symmetrically distributed around the Fermi level (Fig.   1c ). As shown by the d 2 I/dV 2 curves in Fig. 1d , the step energies correspond to the vibrational modes of CuPc and NiPc that involve a distortion of the metal-N bond 21 (see also Sec. I of the Supplementary Discussion), inelastically excited by electron tunneling 22 . Our observations thus indicate that the screened spin is not localized on the metal ion, contrary to conclusions generally drawn from molecular junction experiments [1] [2] [3] and studies of metal-organic complexes at surfaces 16, [18] [19] [23] [24] , but induced by charge transfer into molecular ligand states 13, [25] [26] [27] Fig. 1d ) and can therefore be assigned to vibrational Kondo events 26 . The coupling mechanism is analogous to that discussed for other aromatic molecules [27] [28] . Note that the same peaks are observed for CuPc and NiPc independently of their spin moment, since the vibrational spectrum of the two molecules is identical.
The side peaks observed at the benzene sites (Fig. 1b) , on the other hand, are a unique feature of CuPc and can only be assigned to intramolecular magnetic excitations. This conclusion agrees with the fact that CuPc contains two spins, whereas NiPc has only one, as shown previously. The energy of the CuPc side peaks thus provides a direct measurement of the intramolecular exchange coupling J = E Kts between  and d spins.
The observation of an intense Kondo peak at zero bias, rather than a valley, indicates that the molecule ground state is magnetic, namely a triplet state where the metal and ligand spin are aligned parallel to each other.
This picture is supported also by DFT calculations of the magnetic structure of gas-phase [CuPc] -1 , where the anion configuration is used to model the main effect of the substrate, that is, the transfer of approximately one electron into the CuPc orbitals.
In the gas-phase, the energies of S=0 and S=1 configurations can be conveniently computed by fixing the total spin of the molecule. The calculations show that, in addition to the b 1g spin of the free molecule, the anion has an extra spin localized over the LUMO, which couples parallel to the first one (Fig. 3b) . From the energy difference between the triplet ground state and the (antiparallel) singlet state a value of J=36 meV can be extracted for the exchange coupling constant. This energy is larger than the triplet-singlet excitation energy found for CuPc on Ag(100), which can be easily orbital, confined in the molecular plane, leads to an underscreened Kondo state, where the total spin S=1 reduces to S=1/2 3, 34, 36 . This is part of a two-stage process, where the presence of a strongly-coupled and a weakly-coupled screening channel implies the existence of two different Kondo energy scales 34, 36 . In the temperature range accessible to our experiment, only the LUMO screening channel is effective, which explains why the measured Kondo temperature is similar for CuPc and NiPc. Indeed, fitting the intensity of the CuPc Kondo resonance using analytic expressions derived from renormalization group theory for the S=1/2 and the underscreened S=1 Kondo effect however, we observe that  ts deviates from  K , saturating at 14 meV (Fig. 2c) 2, 28 Kondo features in systems with T K differing by as much as two orders of magnitude also support this conclusion. Figure 6 shows that finite-bias resonances related to vibrational excitations fit a single exponential curve (red line) with a decay rate that is a factor 3 smaller compared to inelastic spin excitations (cian line), reflecting the different decay channels present in each case. We conclude that the coherence of nonequilibrium Kondo cotunneling events is universal only when restricted to the subspace of a given observable. Indeed, the faster decoherence observed for the triplet-singlet channel can be related to the higher coupling of the electron bath to spin excitations as compared to phonon excitations 43 , and might apply to other types of nonequilibrium Kondo phenomena, including those involving Cooper pairs or photon adsorption [44] [45] .
Discussion
Bias and temperature are the parameters that define the transport properties of ideal molecular conductors. The interaction with metal contacts brings about substantial changes to the molecular conductance. As demonstrated here, such changes are not only due to the symmetry-allowed matching of substrate and molecular orbitals, but also by deep modifications of the molecular magnetic structure. An apparently simple molecule/metal system thus turns out to be very complex entity in terms of magnetism and electron transport. Our results illustrate how orbital-and site-specific interactions determine the spin multiplicity of the molecular junction and the type of inelastic excitations that dominate spin dynamics at low energies. We also find that the probability of exciting different vibrational and magnetic excitations varies with subangstrom scale inside a single molecule, showing how the molecular conductance depends abruptly on the precise position of the molecule-metal contact. The competition between Kondo, vibrational, and magnetic excitations determines the decoherence rate of the molecular spin. Finally, we showed that interactions between molecules play a role analogous to that of an electrostatic gate, inducing strong shifts of the electronic levels with respect to E F in molecular clusters of controlled size and shape. These understandings are essential for the design of molecular spintronic devices.
Methods
Sample preparation. CuPc and NiPc molecules were evaporated in ultra-high-vacuum on single crystal Ag(100). The substrate was prepared by repeated sputter-anneal cycles using Ar+ ions at an energy of 700 eV and annealing to 800 K. The molecules were deposited at a rate of ~0.05 monolayers/min with the sample kept at room temperature, after degassing the 99% pure powder material (Sigma Aldrich) to 500 K for 24 hours.
The base pressure during evaporation was below 5 × 10 -10 mbar. STM measurements were carried out at the base temperature of 4.8 K, and up to 35 K for the temperature dependence study of the Kondo resonance.
The adsorption and self-assembly of CuPc on Ag(100) have been previously studied in detail 11 . NiPc molecules behave as CuPc 
